Introduction: A rational way of nourishment, combined with adequate physical activity, are the basic components of maintaining proper body condition. Objective: The aim of the study was to evaluate nutritional status among children and adolescents with different levels of physical activity. Methods: The study group consisted of 1,013 students of both genders aged between 7 and 18 years attending elementary and post-primary schools (general and sports profile) in Siemianowice Slaskie. Results: The crude body mass index (BMI) values ranged from 12.78 to 35.3. Body mass within the limits of arbitrary standard referred to 70% of the examined group, overweight or obesity was found in over 25%. Percentage of body fat (FATP) values ranged from 5.7 to 45.2%. Conclusions: A significant number of children and adolescents were overweight or obese based on BMI categories and FATP values. Overweight and obesity were most common among younger children, particularly boys. Higher torso FATP levels were more common among sports-oriented class students. BMI is not a good tool for the determination of the nutritional status of children and adolescents, while the bioelectric impedance method enables one to conduct a precise analysis of adipose tissue content and location. Sports-oriented elementary school students from the study group were characterized by higher FATP values.
Introduction
According to the available research results, health-promoting behavior accounts for nearly half of the factors responsible for good condition of the body. The fundamental components of a healthy lifestyle include: rational nutrition, physical activity, a stable emotional state, and a sufficient amount of sleep. The most common lifestyle errors among children and adolescents include inappropriate nutrition and insufficient physical activity [1] [2] [3] [4] [5] [6] .
Physical activity and appropriate nutrition are of key importance to health [7] . The definition of physical activity includes all actions involving muscle work causing energy expenditure that is higher than during rest. Regular physical activity matched to one's abilities has a positive impact on the development of children and adolescents and maintains good health by acting on all body systems. Systematic physical activity with a gradually increased load and high stimulus variability improves body fitness and increases resistance to negative physical and psychological factors [8] . Physical activity undertaken regularly in childhood results in healthy lifestyle habits in adulthood. Both the lack of physical activity and its excess have a negative effect on the nutritional status. The most common nutritional abnormalities include undernourishment as well as overweight and obesity [9] .
In the last decades, overweight and obesity have been dubbed the pandemic of the 21st century. Obesity is a complex, multifactor disease; however, the underlying cause is usually a poor diet. Excess body weight is increasingly commonly observed in children and adolescents of all ages. Currently, a large number of studies are being conducted in order to determine the risk factors for excess weight and methods of its identification [10, 11] .
Nutritional status is an important indicator enabling diagnosis [9] . Nutritional status is assessed using anthropometric and biochemical tests, among others. Anthropometric measurements used to determine nutritional status include the assessment of the physiological status of the body based on its height and weight.
Body mass index (BMI) is the most popular and common method for nutritional status assessment. BMI is uncomplicated in terms of calculation; however, it does have certain flaws: primarily, it does not provide any information on body mass composition (body fat, muscle tissue, and water content). Therefore, a result showing overweight or obesity in individuals with highly developed musculature is often incorrect.
In the case of children, the interpretation of BMI is very difficult due to the rapid growth and development of the body. In order to compare a BMI value with the norm, it is recommended that BMI standard deviation z-score (z std ), age, and gender be considered [12, 13] .
Another method is bioelectric impedance analysis (BIA), which involves measurements with an electric current flowing through the water and fat components of the body [14] [15] [16] [17] . The bioelectric impedance method is a noninvasive, painless, and quick method (the procedure lasts between a few seconds to a few minutes). Due to its easy availability, low cost, and the possibility of frequent repetition, BIA is considered by many researchers to be the most objective method for the assessment of nutritional status, including that of children. It allows for indirect calculation of the total water content, adipose tissue mass, and lean body mass. Body mass composition differs to a large extent between children and adults. During growth, the components which change to the most extent are water content and lean body mass (bone mineral content). Body mass composition analysis using the BIA method is usually conducted in a tetrapolar fashion using 4 leads: two electrodes on the hands and two electrodes on the feet.
The parameters used in BIA to assess body mass composition are usually fat-free mass (FFM) and fat mass. FFM primarily includes the weight of muscle tissue, bone tissue, internal organs, and bodily fluids. Fat mass mainly includes lipid components of the body. In chemical Słowik et al.: Nutritional Status Assessment -Physical Activity www.karger.com/ofa terms, FFM is composed primarily of water (72-74%) and electrolytes. FFM can have various values depending on the age and gender of the subjects. FFM anomalies are associated mainly with an increase or decrease in muscle tissue mass. The FFM value is usually measured in percentages or kilograms.
Health hazards associated with excessive body mass and poor eating habits are the subject of many scientific publications. The aim of the present study was to identify overweight and obesity in children and adolescents with various levels of physical activity by assessing their nutritional status using two methods. Due to the lack of adipose tissue norms for Polish children, the current study pays particular attention to the percentage of body fat in the subjects.
Methods
The study was conducted upon the consent of the institutional review board of the Medical University of Silesia in Katowice (KNW 0022/KB1/73/I/16). The subjects' parents and managers of schools in which the study was conducted provided their written consent. The study was conducted between September 2016 and May 2017. The study group included 1,013 students of both genders aged 7-18 years attending schools of different stages (elementary or high schools) and types (general or sports-oriented). Students from general classes did not undertake any additional physical activity beyond the obligatory physical education lessons. Students from sports-oriented classes, as well as attending obligatory physical education lessons, practiced their chosen sport (swimming, volleyball, football).
The inclusion criteria were the following: • attending elementary or high school in the city of Siemianowice Slaskie, Poland (general or sports-oriented), • age 7-18 years, • parents' or guardians' consent to participation in the study, • presence at school on the day of the study.
The study group was divided according to gender (485 girls, 528 boys). In the study, the division according to the type of the students' school was taken into account: general (216) and sports-oriented (797). The subjects were divided into 9 age groups.
In order to achieve the main goals of the study, the subjects' nutritional status was assessed. The height and weight of the subjects was measured in school disease prevention offices using a medical scale with a height meter (model WPT 60/150 OW). The results were the basis for the assessment of height-weight proportions relative to norms for the Polish population and WHO recommendations regarding height, weight, and BMI. The BMI analysis was conducted based on standardized values obtained using the LMS method according to WHO recommendations (underweight: z std ≤ -2, normal: -2 < z std ≤ 1, overweight: 1 < z std ≤ 2, obese: z std > 2) [12] . Comparative analysis in groups was conducted based on standardized values with BMI categories (underweight, normal, overweight, obese).
Body mass composition was assessed using the bioelectric impedance method with the Tanita BC 418 MA device holding the certificate No. 93/42 EEC. The following components were calculated using the BIA method: percentage of body fat (FATP), percentage of body fat in the torso (TRFATP), and BMI.
The body composition monitor Tanita BC 418 MA is equipped with a system of eight polar measuring electrodes, which allows for very precise calculations of fat and muscle tissue in different body segments (lower left extremity, upper left extremity, lower right extremity, upper right extremity, torso). The device generates a full body composition analysis within approximately 20 s. It works with a 50-kHz, 0.8-mA current. The measurements were made according to the standard protocol set by the device manufacturer: in the morning, with an empty stomach, in underwear, without shoes or socks, with clean and dry feet. Since the level of hydration can affect the results, the subjects were instructed to avoid strenuous physical exertion and fluid intake before measurement.
The cut-off points provided in the Tanita BC 418 MA instruction manual were used to categorize body fat percentage values. Comparative analysis in groups was conducted based on raw values or FATP categories (underweight, normal, overweight, obese). Statistical calculations were conducted using an MS Excel spreadsheet, MS Office 2013, statistical package R 3.1.2 available under the GNU GPL license, and the STATISTICA 12, StatSoft Polska, software. Measurable data were characterized using the mean and standard deviation. The normality of the variable distribution was verified with the Shapiro-Wilk test. The significance of differences between means in the studied groups were checked using the Student t test. In the case of skewed distributions, their consistency in groups was tested using the Mann-Whitney U test. Nominal data were expressed in percentages. The presence of relationships between nominal variables were verified with the χ 2 test or the direct Fisher test for n×m tables (n, m ≥ 2) in the case of low numbers. The statistical significance level of p < 0.05 was adopted.
Results
The results obtained are presented in Tables 1-3 . Table 1 presents the study group's BMI categorization with regard to age, gender, and school type according to the WHO scale. Approximately 724 studied children (71.5%) were found to have a normal body mass according to BMI categories, while 269 individuals (26.6%) were found to be overweight or obese. Abnormalities (underweight, overweight, obesity) were more common in boys (33.5%) than in girls (23.1%). Underweight was most common in children aged 10-12 years (3.4%). Overweight and obesity was found in younger children aged 7-9 years and 10-12 years (17.3%). Table 2 presents the profile of the study population in terms of FATP with regard to age, gender, and school type. Normal body mass in terms of the percentage of body fat was found in 672 of subjects (66.3%), while 305 individuals (30.1%) were found to be overweight or obese ( Table 2) . Abnormalities (overweight, obesity) were more common in boys than in girls. Underweight was most common in subjects aged 16-18 years. Overweight and obesity was most commonly found in younger children aged 7-9 years and 10-12 years. Table 3 presents percentages of TRFATP with regard to school type, age, and gender of students who took part in the study. In the groups of girls aged 6-7 years and boys aged 6-7 years and 13 years, significantly higher TRFATP values were found in sports-oriented classes compared to general classes. 
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Discussion/Conclusion
In the presented study, BMI, selected body mass components, and nutritional status have been analyzed. In total, overweight was found in 194 subjects (19.2%) and obesity in 75 subjects (7.4%).
In the HBSC study (Health Behaviour in School-aged Children) conducted in 2002-2010, which included a population of Danish children and adolescents (16, 557 subjects) , the prevalence of overweight was found to range between 9.9 and 18.5%, while obesity from 1.9 to 4.4% [18] . In 2008, Martin et al. [19] estimated the prevalence of overweight and obesity to be 22.9%. Research by the National Food and Nutrition Institute in Poland indicated that children and adolescents in Poland are gaining weight at the highest rate in Europe [20] . Over the last 20 years, the percentage of overweight and obese children has increased threefold. Data from 2013 published by the National Food and Nutrition Institute regarding overweight and obesity in different Polish provinces confirmed the highest number of cases of excess weight to be present in the Mazovia province (32%) and the lowest one in the Silesia province (16.5%). The current study has confirmed the presence of overweight and obesity in 26.6% of subjects.
Rodd and Sharma [21] , who analyzed a population of Canadian children in 2004-2013 (14,014 subjects aged from 3 to 19 years), confirmed a decrease in the prevalence of overweight and obesity from 30.7 to 27%. Ogden et al. [22] , who analyzed the prevalence of obesity in the pediatric population of the United States in 1988-1994 and 2013-2014 (40,780 children and adolescents aged from 2 to 19 years), found that between 2011 and 2014, the prevalence of obesity in 2-to 19-year-olds in the USA was approximately 17%. In the group of 6-to 11-year-olds, obesity was present in 17.5% of cases, while in 12-to 19-year-olds, it was found in 20.5% of subjects [22] . As many as 32.2% of the studied children and adolescents were found to be overweight and 17.3% obese in another study including a population of children in the United States (26,690 children and adolescents aged between 2 and 19 years, 2011-2012) [23] . Therefore, considering the above data and the results of the present study, one may conclude that the prevalence of overweight and obesity in the population of children and adolescents in the present study is similar than that of the pediatric population of other Western countries.
Furthermore, it has been concluded that nutritional status abnormalities resulting in overweight and obesity were more common in boys (overweight in 22%, obesity in 9.5%) than in girls (overweight in 16.1%, obesity in 5.2%). Pyrżak et al. [24] obtained similar results in a study on children from the Mazovia province, Poland, including 541 students aged 7-9 years. It was demonstrated that mean BMI values were higher in boys, both among 7-to 8and 9-year-olds. Falkowska et al. [25] arrived at the same conclusions. They found 31% of boys and 23% of girls aged from 10 to 12 years to be overweight or obese. In terms of somatic features analysis (sexual dimorphism), Napierała et al. [26] found higher BMI values among boys in a group of 1,115 children from the city of Bydgoszcz, Poland. Mazur et al. [27] , who studied children in the south-eastern part of Poland (2,182 boys, 2,066 girls), found 13.3% of girls and 14.2% of boys to be overweight and 7.7% of girls and 6.4% of boys to be obese. Fleming et al. [28] demonstrated that 23.8% of boys and 22.6% of girls in developed countries were found to be overweight or obese. However, in Swiss students, 11.8% of boys and 11.9% of girls were found to be overweight, while 7.5% of boys and 5.7% of girls were diagnosed with obesity [29] .
In terms of age, the majority of cases of overweight were observed in the group of subjects aged from 10 to 12 years (26.8%), while obesity was most common in 7-to 9-year-olds (9.9%). A study conducted by Bilewicz-Wyrozumska et al. [30] , which included 3,601 children from the Silesia voivodship, demonstrated that BMI values in girls aged between 10 and 11 years were usually higher than those observed in boys, while in the group of 14-to 18-yearolds, there was an opposite tendency.
Overweight and obesity are diet-related disorders most commonly diagnosed based on BMI values. However, many researchers confirm that BMI should not be the only parameter used to determine the presence of overweight or obesity since it does not correlate strictly with body fat content [31] . The presence of a normal BMI value and high body fat content has been increasingly common; individuals with such parameters are referred to as "skinny fat" in popular science sources [32] . An increased amount of adipose tissue is usually accumulated in the torso in such cases. Therefore, the evaluation of the relationship between BMI and the percentage of body fat is key to the diagnosis of overweight and obesity.
In the present study, normal body mass in terms of FATP was found in 66.3% of the students and overweight and obesity were found in 30.1% of the subjects. No uniform norms have been developed for the percentage of body fat in children and adolescents (percentile charts for the Polish population).
In a study by Schwandt et al. [33] regarding body fat content in German children, it was found that girls are significantly more likely to have higher adipose tissue content. The percentage of body fat in boys ranged between 11.7 and 14.3%, and in girls between 13.3 and 23.1%. Bailey-Davis et al. [31] studied a group of 413 children, analyzing their BMI values, the percentage of body fat, and eating preferences. They found the mean body fat content in the group to be 22.9%. The percentage of body fat in the study population ranged between 20.8 and 28.5% in girls and between 13 and 24.3% in boys. Khadilkar et al. [34] aimed at developing percentile charts for body fat content in children. They proposed cut-off values for girls aged 6-7 years (overweight: 85th percentile, 26% body fat content; obesity: 95th percentile, 35% body fat content) and girls aged 13 (overweight: 85th percentile, 44% body fat content; obesity: 95th percentile, 48% body fat content). In addition, Khadilkar et al. [34] proposed the following values for 13-year-old boys: overweight: 85th percentile, 30% body fat content; obesity: 95th percentile, 49% body fat content.
A representative study on a population of Korean children (1,579 subjects in total, including 834 boys and 745 girls) conducted by Kim et al. [35] led to the development of tables and percentile charts for the percentage of body fat in children and adolescents aged from 10 to 18 years. The norm for the percentage of body fat in 13-year-old boys was 24.2%, while for 13-year-old girls, the figure adopted was 30.7%.
In the present study, the observed values were lower. Therefore, it can be concluded that percentile charts for the percentage of body fat should be developed separately for different populations. The analysis of the level of physical activity in the present study did not reveal any relationship between the type of school (general vs. sports-oriented) and the prevalence of overweight and obesity determined based on BMI. It was concluded that increased physical activity does not contribute to a significant decrease in BMI and FATP. This is probably due to a badly balanced diet and poor eating habits, which preclude the achievement of the right nutritional status. However, a study by Frączek et al. [36] demonstrated a lower rate of excess weight in children and adolescents undertaking intense physical activity.
A study by Marcysiak et al. [37] on a population of students from sports-oriented and general classes in the town of Ustrzyki Dolne, Poland, confirmed the lack of influence of class type on eating habits and the level of physical activity. In turn, in the presented study, in students aged 6-7 years attending a sports-oriented school, significantly higher percentages of body fat in the torso were found, despite normal BMI values.
In conclusion, poor nutritional status as well as elevated FATP and TRFATP values are found both in students leading a sedentary lifestyle outside of school activities and those undertaking increased levels of physical activity. Therefore, preventive measures to promote a healthy lifestyle would be recommended, including primarily the principles of healthy
